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Article Info ABSTRACT
Article type: Background and Objectives: The conversion of rangeland to agricultural
Full Length Research Paper  ]and is a significant challenge in sustainable natural resource management,
affecting soil productivity and physical quality. Many soil functions are
) ) closely related to soil physical quality, so accurately assessing and
Article history: : . . . e - . T
o improving soil physical conditions is crucial for maintaining ecosystem
Received: 06.04.2024 . . . . .
Revised: 08.16.2024 functions in both rangeland and agricultural areas. This study aimed to
Accepted: 09.15.2024 evaluate the impact of rangeland conversion to agriculture on soil physical
quality and identify the most influential physical soil properties affected
by this land-use change in semi-arid areas of Zanjan province.

Keywords:

Discriminant analysis, Materials and Methods: This research was conducted in three adjacent

Multivariate analysis, areas with different land-use histories, including rangeland areas, areas

22;{ Stliallcitture’ converted from rangeland to dryland farming less than 10 years ago, and

Susta(ilnabley;oil management areas converted over 30 years ago. Soil sampling was done from fifteen
sites at two depths: 0-15 and 15-30 cm. Disturbed and undisturbed soil
samples were collected from each depth, and various soil properties were
measured using standard laboratory methods. Discriminant analysis
was employed to identify the most important soil properties affected by
land-use change.

Results: Land-use change significantly impacted total soil porosity,
macroporosity, soil aeration capacity, soil hydraulic conductivity,
structural stability index, soil compaction degree, organic carbon content,
electrical conductivity, soil sodium content, and acid and hot water-
extractable carbohydrates. A high correlation (r>0.6) was observed
between total soil porosity, macroporosity, soil aeration capacity, soil
structural index, and soil organic matter content. Acid and hot water-
extractable carbohydrates significantly correlated with soil structural
quality indicators, including structural stability index, soil porosity
characteristics, and soil aggregation. Discriminant analysis results
indicated that land-use change had the greatest impact on acid and hot
water-extractable carbohydrates, soil aeration capacity, total porosity, and
structural stability index. These properties were identified as the most
important indicators for assessing the impact of land-use change on soil




physical quality in the study area. Conversion from rangeland to
agriculture reduced organic carbon content, degraded soil structure,
decreased total and macroporosity, soil aeration capacity, and moisture
retention and aggregate size.

Conclusion: The findings of this study indicated that the conversion of
rangeland to agriculture adversely affected soil structural properties and
reduced soil physical quality in the study area. Soil physical condition
degradation due to land-use change was more severe in the short term
(less than 10 years of cultivation), while long-term cultivation (more
than 30 years) led to relative soil quality improvement in semi-arid
areas. Implementing appropriate management practices in agricultural
ecosystems can reduce soil degradation intensity due to land-use change in
the long term. Additionally, assessing soil physical quality can provide a
suitable tool for rapidly evaluating the impact of management practices on
soil conditions in semi-arid areas.
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1- Discriminant analysis
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Figure 1. Location of the study area and sampling points.
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Table 1. Statistical description of measured soil properties in different land uses.

J¥ Sl P oostas bt Sl 5eS sl Er B
Agriculture > 30 years ~ Agriculture < 10 years Rangeland
Unit Soil properties
15-30 0-15 15-30 0-15 1530 0-15
G .
1.16 1.10 1.16 112 112 1.10 (g/em’) AT oeram 7
BD
HSCY PR B S TN ]
1.33 1.30 1.33 1.13 1.92 1.67 (mm) SIS B ks 5
GMD
Ll EW-RCIETY
2.57 2.87 1.98 2.49 1.89 2.08 (m/day) g Soos
Ks
49.55 46.60 43.04 39.80 4857 51.30 (%) &
TP
23.74 20.20 19.05 18.30 2526  27.60 (%) =2 d
MP
Sl b b
33.46 30.56 27.20 22.98 3551 38.68 (%)
AC
‘ . - . . -
15.26 15.02 14.12 14.80 1325 1232 (%) st
FC
S ol b gl axls
3.60 3.70 2.64 2.61 4.16 8.12 (%) ° SRR o
ssI
S S i3
67.92 65.19 68.26 6534 6576  64.67 (%) 2R
SDC
[
0.96 0.96 0.66 0.69 1.10 2.06 (%) S
oc
N IRV
224.33 542.67 228.67 45400 39333 28500  (us/em) AN
EC
S s
8.04 8.09 8.08 7.90 7.89 7.78 oS
pH
W e do
5.19 6.80 8.83 8.38 7.59 8.33 (%) P >
ESP
Aol 180 lae Ll dn
9.06 8.10 9.52 10.64 2828  37.65  (mg/g soil) el etas L bde s
Car-A
T Seslas L olydn
241 3.66 2.10 2.08 3.55 589  (mg/gsoil) =l petar bl S
Car-W
54.20 55.26 56.88 54.85 5441 5628 (%) o
Sand
e
28.20 25.9 25.38 27.82 2832 26.18 (%)
Silt
o
17.60 18.85 17.75 17.33 1728 17.54 (%)
Clay

BD: Bulk density; GMD: Geometric mean diameter; Ks: Saturated hydraulic conductivity; TP: Total porosity;
MP: Macro porosity; AC: Air capacity; FC: Field capacity; SSI: Soil structural index; SDC: Soil degree of compactness;
ESP: Exchangeable sodium percentage; EC: electric conductivity; Na: Sodium; Car-A: Carbohydrate extracted by acid;
Car-W; Carbohydrate extracted by hot water
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Table 2. The results of analysis of variance of the effects of experimental factors (land use and sampling depth)

and their interaction on soil properties.

ke

B G T
s b el s colis ] f
_ sl sk i ) B Dyt we
o Olez L s S s S Slus= ol Source of variation
SDC AC MP TP Ks
SSI FC GMD BD
1.03™ 2318 519" 2729” 10757 579" 606 122.6 0.9 F S
0.4m™ 0.00" 0.00"  0.00 0.00” 0.00™ 0.00” 0.00" 0.4™  P-value Land use
53 96.1 0.7 9.7 22 33 36.4 26.1 6.2 F Ges
0.03" 0.00" 0.4 0.00 02™  0.08™ 0.00” 0.00" 0.02"  P-value Depth
0.4 91.5 5.8 29.2 15.3 87" 2.83 42 0.4 F e # S
0.7 0.00" 0.01"  0.00™  0.00" 0.00" 0.08™ 0.03" 0.7™ P-value  Land use * Depth
ol pns 5
8.02 7.07 7.7 7.67 931 795 883 9.19 12.57 e
CV (%)
Loy
Shkas S Sy S A Sl e N3 s
- o s o o p Sl ae
ol J el J Sl S |
P2 Tl el 53 Jsloe Clay Silt Sand PN e S Source of variation
Car-W Car-A ’ pH EC oC
ESP
70.9 293.2 13 0.6 2.7 49 1.9 1.7 206.6 F s
0.00" 0.00" 03™  0.6™ 0.1™  0.02° 02" 0.2m™ 0.00”  P-value Land use
426 11.9 0.7 1.8 0.6 0.8 0.7 424 78 F Gee
0.00" 0.00" 04™  02™ 0.5™  04™ 04" 0.00" 0.00”  P-value Depth
13.8 11.7 1.2 9.6 8.8 0.7 0.5 33.8 71.7 F Ges # S
0.00" 0.00" 0.3™  0.00" 000" 05™ 06" 0.00" 0.00” P-value  Land use * Depth
ol pns 5
7.24 448 9.81 8.08 691 1878 737 17.21 9.35 e
CV (%)

s e OLES | I jme Ol 545 pde 5 7.0 Jlaz| 3 b gae ol Y Jleal BER PPV RCIP P S PP
s P AT SOty [Taee [Taee -7

** % and ™ indicate significant difference at 1% probability level, significant difference at 5% probability level and
non-significant difference, respectively
BD: Bulk density; GMD: Geometric mean diameter; Ks: Saturate hydraulic conductivity; TP: Total porosity;
MP: Macro porosity; AC: Air capacity; FC: Field capacity; SSI: Soil structural index; SDC: Soil degree of compactness;
EC: electric conductivity; Na: Sodium; ESP: Exchangeable sodium percentage; Car-A: Carbohydrate extracted by acid;

Car-W; Carbohydrate extracted by hot water
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Table 3. Results of mean comparisons of assessed soil properties among different land uses and depths of soil.

skl Cogb, v Jlss Jss ke 5SLa )
S olezla 15 5 las 5g5 s s o Al sl
° F b e R & * Depth Land use
SsI FC AC MP TP GMD
N
% % % % % mm cm
Unit
a d a a a b
8.12 12.32 38.68 27.60 51.30 1.67 0-15 S
4.16° 13.25°¢ 35.51° 25.26° 48.57 ™ 1.92° 15-30 Rangeland
2.61° 14.80 22.98" 18.30¢ 39.80°° 113¢ 015 gL+ 5l 3oS g5,5Li8
2.64°¢ 14.12° 27.20° 19.05 4324 ¢ 133°¢ 15-30  Agriculture < 10 years
c a d c c c
3.70 15.02 30.56 20.20 46.60 1.30 0-15 gt 5l Lo ospslis
3.60° 15.26° 33.46° 23.74° 49.55™ 1.33° 1530 Agriculture > 30 years
) ) .
iy . s o S gls S oS Gos =2l el
-] S
ol o2 Il el 2 ke Silt Sand EC oC Depth Land use
Car-W Car-A
. . A
mg/1g soil mg/1g soil % % us % cm
Unit
5.89° 37.65° 26.18 56.28 285.00 ° 2.06° 0-15 S
3.55° 28.28° 28.32° 54.41° 393.33° 1.10° 15-30 Rangeland
2.08° 10.64 ¢ 27.82% 54.85 ™ 454.00° 0.69¢ 015 gL+ 5l 3oS g5,5Li8
2.10°¢ 9.52°¢ 25.38°¢ 56.88° 228.67° 0.66 ¢ 1530  Agriculture < 10 years
b ¢ ¢ be a ¢ . .
3.66 8.10 25.90 55.26 542.67 0.96 0-15  Jovs 5l Lo osslis
241°¢ 9.06 ¢ 28.20° 5420°¢ 22433 ° 0.96 ¢ 1530 Agriculture > 30 years

A3l o (P<e/+0) LSD (35051 bl o ls me oslis 55 5 0ima0lis O gt a3 Soslize Cos

Different letters in each column indicate significant differences according to LSD post hoc test (P<0.05). GMD: Geometric
mean diameter; TP: Total porosity; MP: Macro porosity; AP: Air capacity; FC: Field capacity; SSI: Soil structural index;
EC: electric conductivity; Car-A: Carbohydrate extracted by acid; Car-W; Carbohydrate extracted by hot water
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Figure 2. The effect of land uses on the saturated hydraulic conductivity and the percentage of
exchangeable sodium.
Different letters indicate significant differences according to the LSD test (P<0.05).
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Figure 3. The effect of soil depths on the bulk density, saturated hydraulic conductivity, and soil
compaction degree.
Different letters indicate significant differences according to the LSD test (P<0.05).
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Table 5. Discriminant analysis results.
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